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(57) ABSTRACT

A coil module is disposed inside an electronic apparatus and
receives prescribed power. The coil module includes a loop
coil, a plate-like magnetic body that is disposed on the loop
coil, and a conductive member that has prescribed conduc-
tivity and is disposed parallel with the plate-like magnetic
body and on a surface, opposite to a surface on which the loop
coil is disposed, of the magnetic body. The conductive mem-
ber projects outward relative to at least a portion of a circum-
ferential surface of the magnetic body.

13 Claims, 22 Drawing Sheets

el il il | ajoloie

0.1 | UNIT mm

CONDITIONS OF THICKNESS
OF FIRST CONDUCTIVE MEMBER 22

NO 11213 4

THICKNESS g OF FIRST
CONDUCTIVE MEMBER 23 [mm) | 01 | 02 | 03 | 05

(=3




US 9,325,197 B2

Sheet 1 of 22

Apr. 26,2016

U.S. Patent

\
T T,
. AP
B LN s
PP
A
T
LT
R
e B

R L
g st

" eeredheg 2 A

FIG. 1

e - S n >

o, PR ittt

L PR
LT
e T
P
T
LT A v
VST
T T
AR
PP |
AT ARy
LTAT TR
\.-‘ebxn\.n.ee\\
URE N SN A

Fon e

Y
Y

D T R L T




U.S. Patent Apr. 26,2016 Sheet 2 of 22 US 9,325,197 B2

L ) sy
23
¢
s 4
b <
o ; PRI I
H 7 i
8 i } I
M K4 4 ; \
BYE =6 A 1
S B3¢ Sl 24



U.S. Patent Apr. 26,2016 Sheet 3 of 22 US 9,325,197 B2

FIG. 3




U.S. Patent Apr. 26,2016 Sheet 4 of 22 US 9,325,197 B2




US 9,325,197 B2

Sheet 5 of 22

Apr. 26,2016

U.S. Patent

FIG. 5




U.S. Patent Apr. 26,2016 Sheet 6 of 22 US 9,325,197 B2

FIG. 6

[




U.S. Patent Apr. 26,2016 Sheet 7 of 22 US 9,325,197 B2

NERE I
R el g

Yy
SER “



U.S. Patent Apr. 26,2016 Sheet 8 of 22 US 9,325,197 B2




U.S. Patent Apr. 26,2016 Sheet 9 of 22 US 9,325,197 B2

FIG. 9

[ %]



U.S. Patent Apr. 26, 2016 Sheet 10 of 22 US 9,325,197 B2




U.S. Patent Apr. 26, 2016 Sheet 11 of 22 US 9,325,197 B2

FIG. 11




U.S. Patent

Apr. 26,2016

2HH

Sheet 12 of 22

US 9,325,197 B2

o

34
g

A

o

v

P



U.S. Patent Apr. 26, 2016 Sheet 13 of 22 US 9,325,197 B2

FIG. 13

i
}

o .*" .’I \*.
& i S H
e ! i \
/ 4
ope e ST8 .
34 R QY ;,}



U.S. Patent

N N
. N
ot 3
(W ‘L i
P ? ********
A
A

Apr. 26,2016

Sheet 14 of 22

1

SO A O A O S A A AT A

Lr’ffiffffyffwifffyf‘-

US 9,325,197 B2



US 9,325,197 B2

Sheet 15 of 22

Apr. 26,2016

U.S. Patent

!

Lo ]

X AONYLSI

N

27 AAGHER AMLONTNGD
18Md 40 0 85I L

-
P

b AGOE DLLINDYI
A0 1 ESEANYOIL

=P

R4

WUANG L0 ]

A
yo oy
2| B
ST

&
ey
Lo BRI B IS S o B o)

s
il

7
7
7
332
7
2.
7
7
7
7
7
2
7.
3




U.S. Patent Apr. 26, 2016 Sheet 16 of 22 US 9,325,197 B2

. W e
) O US ,\;3’
B R
(9] L f*: E:t o
el
) em BN | -
= ey IR 2 4
RS ST Wi % bt
=
.
< E}
Wi
o w9 o
R A N BN o 4
@
9
&3
- o & <
N o ded 1o P LB
o o = 4w g
== ad
W L 4 i3
— T . > P
- Tiw s ¥ =
Rifow o I &
= i —_—
£ £33
=
= LR
k=3 foem /g‘
o]
v | 54 & 1o
& - .
T L
EiQ &
— | R \ f'@
oo !
3o | B | L~ ‘
fom] - Proreg ~oafa whanniuandavedrradanedavaniennel T
@ i & ]
© BElEl w ¢
R ) )
[RE] s BN Poaond
A £3 3 T
St = B == I
2R iy =y A
pe "
=0 IEI B el Te B S Vo R S T Wie BT S S T B
1L e | P Y IO~ R € T €5 T S O A T ST e
SR b TSI TS BT Rt S T I o B Yo BN T o SRR s SR Vo
?j% i = Faul T
@ o] IONVISISRY oY
& om]
Qe
T W
=l g
52

FIG. 16 <



US 9,325,197 B2

Sheet 17 of 22

Apr. 26,2016

U.S. Patent

IS

as]

0.1

e
U

e P}

d

P

UNIT mm




US 9,325,197 B2

Sheet 18 of 22

fas] A LIAHLONONGD "~

DLEDE LLEDD
Maé{ RLY) B0b X0 RLE)
, o 005
wi) ¥ JONYISIG - | 505
BEHG ¥ IONVISID - | 015
a1
(625
§75
085
585
(55
6¥5

055 > 81 9O

8Dk X4

141@»»

LSISTH W

i
&

w,&,: SN SUNS N N

»
{

N¥

w30

£y

f

: U HPUDIN SN P B b e | ST ZZ MBONEM SALLDOGNDD
WL XEZ DL XEG g0L BT DIXYS DLXEZ UEXES OVXET X8R T e

& i 3 g ¥

o
o
_—

I

Apr. 26,2016

WG ¥ ONYLSI

e e | oy mr | xme s oty on g gy | gme | FUSIZ2 HASNER SALDOGNOD
WOLXBZ | DL XBG | 0L XBT | DEXG 20LX67 | 0LXES 0VE6T Ohxpg o BRI I
9 ! 9 g ? ¢ z L N

U.S. Patent

WEE IONYISIE



US 9,325,197 B2

o 70 | 1o fuiet] 27 WS SALLONCNG D
3 “V R 15U 40 DESINYIIHL
AN Ol

Sheet 19 of 22

Apr. 26,2016

22 WA BALLONONOD L8HIE 40
B 58aNMIBL 40 SNOLLITNGD

WHULINDY | 10
A I

[A VY

fi

4

3

Egggc\n‘u‘sg
o]

vooe

U.S. Patent



U.S. Patent

My

\\\\\\

AC RESISTANCE

536

320

5%

500

Apr. 26,2016 Sheet 20 of 22 US 9,325,197 B2

FIG. 20

CORRESFONDE TO SKIN DEPTH AT 100kHz

8

§

¢

T

N

$

%\ s
%

i

¢

N
h 13

3

3

3

$

.A

13

¥
1
%
§
$
¥
}

0.1 82 .3 0.4 4.5
THICKNESS g OF FIRST CONDUCTIVE MEMBER 22 framy




US 9,325,197 B2

Sheet 21 of 22

Apr. 26,2016

U.S. Patent

g

i

1o

4

a4

] 72 WAEHEN SALLINONGD
LM 40 B SEIMIOIML

=P

Z

b

T

27 MAREM SALONENGD 1881 40
B SO 20 SNOLLIGNGD

PO
YLy
1o o
¥O
g0 ¥
9 | w

»

@

L2

SRR S E=] BRER
poe

]

g
- N

12 "9



U.S. Patent Apr. 26, 2016 Sheet 22 of 22 US 9,325,197 B2

FIG. 22

500

37
Iy
4

i

aués STATE WITHOUT FIRRY
g‘“ SONDUCTIVE MEMBER 22
%
& S
b
380 : : : : :
{ 4.1 §2 (.3 (4 05 4.8

THICKNESS g OF FIRST CONDUCTIVE MEMBER 22 fony



US 9,325,197 B2

1
COIL MODULE AND ELECTRONIC
APPARATUS

BACKGROUND

The present disclosure relates to a coil module used for
wireless charging and an electronic apparatus incorporating
the coil module.

In recent years, cellphones having a wireless charging
function have come to be marketed. With the recent increase
in multifunctionality and screen size and other requirements
in or about cellphones, the capacity of battery packs used in
cellphones have increased, resulting in increase in full charg-
ing time. Shortening of'the full charging time would be key to
further spread of cellphones. To this end, it is necessary to
attend to the quick charging more than in the past.

Quick charging is enabled by running a large current, and
resulting heat generation cannot be suppressed sufficiently
because of large power that is consumed in a coil. Since heat
generated by a coil affects nearby electronic components,
running a large current through the coil is associated with
difficulties. However, it is possible to increase the current
flowing through a coil by radiating the heat generated by the
coil to the outside. Among conventional techniques for radi-
ating the heat generated by a coil to the outside is one relating
to the coil-incorporated board that is disclosed in JP-A-2008-
177516. The coil-incorporated board that is disclosed in
JP-A-2008-177516 is provided with plural heat transmission
through-conductors which penetrate through a ferrite mag-
netic layer that encloses a planar coil conductor and a heat
radiation conductive layer which is connected to the heat
transmission through-conductors. The heat generated by the
planar coil conductor is radiated to the outside from the heat
radiation conductive layer via the heat transmission through-
conductors.

However, the above-described coil-incorporated board dis-
closed in JP-A-2008-177516 has the following problems.
Since the heat transmission through-conductors are formed
s0 as to penetrate through the ferrite magnetic layer, they can
be provided only in alimited region (central region) where the
planar coil conductor does not exist (i.e., a central region
inside the planar coil conductor). Therefore, sufficient heat
radiation cannot be attained even with the heat radiation con-
ductive layer and the temperature of the heat radiation con-
ductive layer becomes very high. It is therefore difficult to run
a current to the planar coil conductor beyond a somewhat
elevated level.

SUMMARY

The present disclosure has been made in the above circum-
stances, and an object of the present disclosure is to provide a
coil module which can suppress the power consumed in a coil
in wireless charging as well as an apparatus incorporating
such a coil module.

The present disclosure provides a coil module which can be
disposed inside an electronic apparatus and can receive pre-
scribed power, comprising a loop coil; a plate-like magnetic
body that is disposed on the loop coil; and a conductive
member that has prescribed conductivity and is disposed
parallel with the plate-like magnetic body and on a surface,
opposite to a surface on which the loop coil is disposed, of the
magnetic body. The conductive member projects outward
relative to at east a portion of a circumferential surface of the
magnetic body.

According to this configuration, when the magnetic body is
disposed over a shield member (which covers electronic com-
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ponents mounted on a substrate) with the conductive member
interposed in between, the eddy current loss that occurs in the
shield member when a current flows through the loop coil is
reduced, whereby the AC resistance of the loop coil can be
lowered. This makes it possible to suppress power that is
consumed by the loop coil during wireless charging and
hence to suppress heat generated by the loop coil, which in
turn makes it possible to supply a larger current than in
conventional techniques and hence to realize quick charging.
Furthermore, since the heat generated by the loop coil is kept
small, the influences of heat on the electronic components
located close to the loop coil can be reduced.

In the above coil module, the conductive member may
project outward away from the center of the loop coil relative
to at least the portion of the circumferential surface of the
magnetic body.

According to this configuration, since the conductive
member projects outward relative to at least the portion of the
circumferential surface of the magnetic body, the conductive
can serve as a member for reducing the eddy current loss.

In the above coil module, the portion of the magnetic body
relative to which the conductive member projects may
account for at least half of the circumferential surface of the
magnetic body.

The above coil module may have additional features that
the loop coil is formed by winding at least one conductive
wire into a loop form, the plate-like magnetic body has a cut
through which portions of the loop coil extend; and the con-
ductive member is disposed so as to cover at least the cut of
the magnetic body.

According to this configuration, since the conductive
member is disposed so as to cover the cut of the magnetic
body, the thickness of extended portions of the conductive
wire of the loop coil can be absorbed in the thickness of the
magnetic body. If this measure were not taken, when, for
example, a loop coil is produced using a single conductive
wire, extending the one, starting from the inside edge of the
coil, of two end portions of the conductive wire should cause
increase of the thickness of the coil module by the diameter of
the one end portion. Since the end portion, starting from the
coil inside edge, of the conductive wire is wired through the
cut of the magnetic body, a thickness corresponding to the
diameter of that end portion of the conductive wire can be
absorbed in the thickness of the magnetic body.

Inthe above coil module, the prescribed conductivity of the
conductive member may be higher than conductivity of
nickel silver (alloy of copper, zinc, and nickel).

Inthe above coil module, the conductive member may have
a thickness that is larger than a value that is approximately
equal to its skin depth at an operation frequency of the loop
coil.

In the above coil module, the conductive member may be
divided into two or more parts.

One aspect of the present disclosure provides an electronic
apparatus inside which the above coil module is disposed in
such a manner that the loop coil is closer to a surface of the
electronic apparatus than the magnetic body, comprising a
substrate; an electronic component mounted on the substrate;
and a shield member which covers the electronic component,
wherein the conductive member is a part of the shield mem-
ber.

According to this configuration, since the shield member
also serves as the conductive member, the body of the elec-
tronic apparatus can be made thinner and cost reduction is
attained.

Another aspect of the present disclosure provides an elec-
tronic apparatus inside which the above coil module is dis-
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posed in such a manner that the loop coil is closer to a surface
of the electronic apparatus than the magnetic body, wherein
the electronic apparatus comprises a batter cell; and the con-
ductive member is part of a battery cell case which surrounds
the battery cell.

According to this configuration, since the battery cell case
also serves as the conductive member, the body of the elec-
tronic apparatus can be made thinner and cost reduction is
attained.

A further aspect of the present disclosure provides an elec-
tronic apparatus inside which the above coil module is dis-
posed in such a manner that the loop coil is closer to a surface
of the electronic apparatus than the magnetic body, wherein
the conductive member is a first conductive member; the
prescribed conductivity of the conductive member is equal to
first conductivity; and a second conductive member having
second conductivity that is lower than the first conductivity is
disposed parallel with the plate-like magnetic body.

According to this configuration, since the first conductive
member having higher conductivity than the second conduc-
tive member is used as the conductive member, when the
magnetic body is disposed over the second conductive mem-
ber (e.g., a shield member which covers electronic compo-
nents mounted on a substrate) with the first conductive mem-
ber interposed in between, the eddy current loss that occurs in
the second conductive member when a current flows through
the loop coil is reduced, whereby the AC resistance of the loop
coil can be lowered. This makes it possible to suppress power
that is consumed by the loop coil during wireless charging
and hence to suppress heat generated by the loop coil, which
in turn makes it possible to supply a larger current than in
conventional techniques and hence to realize quick charging.
Furthermore, since the heat generated by the loop coil is kept
small, the influences of heat on the electronic components
located close to the loop coil can be reduced.

In the above electronic apparatus, the first conductive
member may be shaped like a plate and disposed between the
plate-like magnetic body and the second conductive member.

According to this configuration, since the first conductive
member is disposed between the magnetic body and the sec-
ond conductive member, the eddy current loss that occurs in
the second conductive member when a current flows through
the loop coil is reduced, whereby the AC resistance of the loop
coil can be lowered. This makes it possible to suppress power
that is consumed by the loop coil during wireless charging
and hence to suppress heat generated by the loop coil, which
in turn makes it possible to supply a larger current than in
conventional techniques and hence to realize quick charging.
Furthermore, since the heat generated by the loop coil is kept
small, the influences of heat on the electronic components
located close to the loop coil can be reduced.

The above electronic apparatus may further comprise a
substrate; electronic components mounted on the substrate;
and a shield member which covers the electronic component,
and the second conductive member may be part of the shield
member.

According to this configuration, since the shield member
also serves as the second conductive member, the body ofthe
electronic apparatus can be made thinner and cost reduction is
attained.

The above electronic apparatus may further comprise a
battery cell, and the second conductive member is part of a
battery cell case which surrounds the battery cell.

According to this configuration, since the battery cell case
also serves as the second conductive member, the body ofthe
electronic apparatus can be made thinner and cost reduction is
attained.
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The present disclosure makes it possible to suppress power
that is consumed by the loop coil during wireless charging
and hence to suppress heat generated by the loop coil, which
in turn makes it possible to supply a larger current than in
conventional techniques and hence to realize quick charging.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing a general configuration of a
coil module according to a first embodiment of the present
disclosure.

FIG. 2 is a sectional view of the coil module taken along
line A-A'in FIG. 1.

FIG. 3 is a plan view showing a general configuration of a
coil module according to a second embodiment of the present
disclosure.

FIG. 4 is a sectional view of the coil module taken along
line A-A' in FIG. 3.

FIG. 5 is an exploded perspective view showing the con-
figuration of a coil module according to a third embodiment
of the present disclosure.

FIG. 6 includes a plan view of a conductive member, a
magnetic body, and a shield member of the coil module
shown in FIG. 5 and a sectional view of them taken along line
B-B'in FIG. 5.

FIG. 7 is a plan view showing a general configuration of a
coil module according to a fourth embodiment of the present
disclosure.

FIG. 8 is a sectional view of the coil module taken along
line A-A'in FIG. 7.

FIG. 9 is a plan view showing a general configuration of a
coil module according to a fiftth embodiment of the present
disclosure.

FIG. 10 is a sectional view of the coil module taken along
line A-A'in FIG. 9.

FIG. 11 is a plan view showing a general configuration of
the inside of a battery pack incorporating a coil module
according to a sixth embodiment of the present disclosure.

FIG. 12 is a sectional view of the battery pack taken along
line A-A' in FIG. 11.

FIG. 13 is a plan view showing a general configuration of
the inside of a battery pack incorporating a coil module
according to a seventh embodiment of the present disclosure.

FIG. 14 is a sectional view of the battery pack taken along
line A-A' in FIG. 13.

FIG. 15 shows conditions that were employed in simulat-
ing the relationship between the size of a first conductive
member and the AC resistance of a loop coil.

FIG. 16 shows a result of the simulation that was carried
out under the conditions of FIG. 15.

FIG. 17 shows conditions that were employed in simulat-
ing the relationship between the conductivity of the first con-
ductive member and the AC resistance of the loop coil.

FIG. 18 shows a result of the simulation that was carried
out under the conditions of FIG. 17.

FIG. 19 shows conditions that were employed in simulat-
ing the relationship between the thickness of the first conduc-
tive member and the AC resistance of the loop coil.

FIG. 20 shows a result of the simulation that was carried
out under the conditions of FIG. 19.

FIG. 21 shows conditions of actual measurements that
were carried out to verify advantages of the coil module
according to the present disclosure.

FIG. 22 shows results of the actual measurements that were
carried out under the conditions of FIG. 21.
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DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Preferred embodiments of the present disclosure will be
hereinafter described in detail with reference to the drawings.

Embodiment 1

FIG. 1 is a plan view showing a general configuration of a
coil module 1 according to a first embodiment of the present
disclosure. FIG. 2 is a sectional view of the coil module 1
taken along line A-A'in FIG. 1. The coil module 1 according
to this embodiment shown in FIGS. 1 and 2 is a coil module
that can be disposed inside an electronic apparatus such as a
cellphone (not shown) and can receive a prescribed amount of
power. The coil module 1 includes a loop coil 20, a plate-like
magnetic body 21 underlying the loop coil 20, a plate-like
conductive member (first conductive member) 22 which has
prescribed conductivity and is disposed parallel with the
plate-like magnetic body 21 on that surface of the magnetic
body 21 which is opposite to the surface on which the loop
coil 20 is disposed, a substrate 23 which is mounted with
electronic components 30, and a shield member (second con-
ductive member) 24 which covers the electronic components
30 mounted on the substrate 23.

The loop coil 20 is a coil formed by winding a single
conductive wire 20q into a loop form. Two end portions of the
loop coil 20 extend approximately parallel with each other
from a loop coil body and their ends are connected to respec-
tive terminals 25A and 25B. The magnetic body 21 and the
conductive member 22 have rectangular shapes. The conduc-
tive member 22 is larger than the magnetic body 21. That is,
a distance x1 exists between one shorter edge 22a of the
conductive member 22 and the corresponding shorter edge
21a ofthe magnetic body 21. A distance x3 exists between the
other shorter edge 22¢ of the conductive member 22 and the
corresponding shorter edge 21¢ of the magnetic body 21. A
distance x2 exists between one longer edge 225 of the con-
ductive member 22 and the corresponding longer edge 215 of
the magnetic body 21. A distance x4 exists between the other
longer edge 224 of the conductive member 22 and the corre-
sponding longer edge 214 of the magnetic body 21. All of the
distances x1 to x4 between the edges of the conductive mem-
ber 22 and the corresponding edges of the magnetic body 21
are longer than 0 mm. The conductive member 22 need not
always project relative to the entire circumferential surface of
the magnetic body 21; it suffices that the conductive member
22 project relative to a portion of the circumferential surface
of the magnetic body 21.

The conductive member 22 has a thickness d1 that is larger
than a value that is approximately equal to its skin depth at the
frequency (referred to as an “operation frequency”) of a cur-
rent flowing through the loop coil 20. The thickness d1 of the
conductive member 22 is 0.2 mm when the operation fre-
quency is 100 kHz, for example. The conductive member 22
is made of a metal that is higher in conductivity than the shield
member 24, such as a metal that is higher in conductivity than
nickel silver (alloy of copper, zinc, and nickel).

The thickness of the shield member 24 is 0.1 mm, for
example. Since the conductive member 22 is disposed
between the magnetic body 21 and the shield member 24, the
eddy current loss that occurs in the shield member 24 when a
current flows through the loop coil 20 is lower than in the case
where the conductive member 22 is not disposed. The reduc-
tion in eddy current loss makes it possible to lower the AC
resistance of the loop coil 20.
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6

When a cell phone incorporating the coil module 1 accord-
ing to this embodiment is put on a cradle (not shown) which
is a device for supplying power to the cellphone, the coil
module 1 is coupled with a coil module (not shown) provided
in the cradle and power is transmitted from the cradle-side
coil module to the coil module 1, as aresult of which a current
flows through the coil module 1.

As described above, in the coil module 1 according to this
embodiment, the conductive member 22 which is larger in
size than the magnetic body 21 and higher in conductivity
than the shield member 24 and has the thickness d1 that is
larger than a value that is approximately equal to its skin depth
at an operation frequency is disposed between the magnetic
body 21 and the shield member 24. Therefore, the eddy cur-
rent loss that occurs in the shield member 24 (lossy conduc-
tor) when a current flows through the loop coil 20 is reduced,
whereby the AC resistance of the loop coil 20 can be lowered.
This makes it possible to suppress power that is consumed by
the loop coil 20 during wireless charging and hence to sup-
press heat generated by the loop coil 20, which in turn makes
it possible to supply a larger current than in conventional
techniques and hence to realize quick charging. Furthermore,
since the heat generated by the loop coil 20 is kept small, the
influences of heat on the electronic components 30 located
close to the loop coil 20 can be reduced.

Embodiment 2

FIG. 1 is a plan view showing a general configuration of a
coil module 2 according to a second embodiment of the
present disclosure. FIG. 4 is a sectional view of the coil
module 2 taken along line A-A' in FIG. 3. In FIGS. 3 and 4,
members having the same ones in FIGS. 1 and 2 are given the
same symbols as the latter.

In the coil module 2 according to this embodiment shown
in FIGS. 3 and 4, the magnetic body 21 is fixed to the con-
ductive member 22 by a double-sided adhesive tape 26. The
use of the double-sided adhesive tape 26 makes it possible to
attach the magnetic body 21 to the conductive member 22
very easily.

Embodiment 3

FIG. 5 is an exploded perspective view showing the con-
figuration of a coil module 3 according to a third embodiment
of the present disclosure. FIG. 6 includes a plan view of a
conductive member, a magnetic body, and a shield member of
the coil module 3 shown in FIG. 5 and a sectional view of
them taken along line B-B' in FIG. 5. In FIGS. 5 and 6,
members having the same ones in FIGS. 1 and 2 are given the
same symbols as the latter.

As shown in FIG. 5, the coil module 3 according to this
embodiment includes a plate-like conductive member (first
conductive member) 27 having a rectangular hole 27a which
is smaller than the magnetic body 21. The hole 27a is formed
through the conductive member 27 approximately at the cen-
ter. The conductive member 27 is disposed between the mag-
netic body 21 and the shield member (second conductive
member) 24 in such a manner that the center of the hole 27«
coincides with that of the magnetic body 21. Since the
intended advantages can be obtained as long as the conductive
member 27 overlaps with a peripheral portion ofthe magnetic
body 21, a portion, corresponding to the other portion (i.e.,
the portion other than the peripheral portion) of the magnetic
body 21, of the conductive member 27 is not always neces-
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sary. This is the reason why the hole 27a is formed through the
conductive member 27 of the coil module 3 according to this
embodiment.

As for the distances between the four edges of the hole 274
of'the conductive member 27 and those of the magnetic body
21, as shown in FIG. 6, symbol x5 represents the distance
between one shorter edges of them and symbol x7 represents
the distance between the other shorter edges of them. Symbol
x6 represents the distance between one longer edges of them
and symbol x8 represents the distance between the other
longer edges of them. All of the distances x5 to x8 are longer
than 0 mm.

According to the coil module 3 of this embodiment, since
as described above it employs the conductive member 27
having the rectangular hole 27a¢ which is smaller than the
magnetic body 21, an amount of material corresponding to
the hole 27a can be saved and accordingly the coil module 3
can be reduced in weight and cost.

Embodiment 4

FIG. 7 is a plan view showing a general configuration of a
coil module 4 according to a fourth embodiment of the
present disclosure. FIG. 8 is a sectional view of the coil
module 4 taken along line A-A' in FIG. 4. In FIGS. 7 and 8,
members having the same ones in FIGS. 1 and 2 are given the
same symbols as the latter.

As shown in FIG. 7, the coil module 4 according to this
embodiment includes a magnetic body 28 having a rectangu-
lar cut 284 and two conductive members (first conductive
members) 22A and 22B. The cut 28a of the magnetic body 28
is formed so as to absorb the thickness of the extensions of the
loop coil 20. Since portions of the conductive wire 20a extend
from the coil body of the loop coil 20 through the cut 28a, the
thickness of the extended portions of the conductive wire 20a
of the loop coil 20 can be absorbed in the thickness of the
magnetic body 28. If this measure were not taken, extending
portions of the conductive wire 20a from the coil body of the
loop coil 20 should cause increase of the thickness of the coil
module by at least the diameter of the conductive wire 20a.
Since the extended portions of the conductive wire 20a of the
loop coil 20 are wired through the cut 28a of the magnetic
body 28, a thickness corresponding to at least the diameter of
the conductive wire 20a can be absorbed in the thickness of
the magnetic body 28. The thickness of the coil module 4 can
be reduced accordingly.

The conductive member 22A is disposed on the side where
the cut 28a of the magnetic body 28 is formed, so as to project
outward (i.e., away from the center 200 of the loop coil 20)
relative to portions of the left side surfaces (as viewed in FIG.
7) of the magnetic body 28. The conductive member 22B is
disposed on the side that is opposite to the side where the cut
28a is formed in the magnetic body 28, so as to project
outward (i.e., away from the center 200 of the loop coil 20)
relative to the top, right, and bottom side surfaces (as viewed
in FIG. 7) of an approximately right half of the magnetic body
28. Although in this embodiment, the conductive member
22B is continuous so as to face the approximately right half of
the magnetic body 28, the conductive member 22B may be
divided into plural parts.

Symbol x3 represents the distance between the edge of the
portion, projecting relative to the magnetic body 28, of the
conductive member 22A and the corresponding edges, with
the cut 28a, of the magnetic body 28. Symbols x1, x2, and x4
represent the distances between the edges of the portions,
projecting relative to the approximately right half of the mag-
netic body 28, of the conductive member 22B and the corre-
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sponding edges of the magnetic body 28, respectively. All of
the distances x1 to x4 are longer than 0 mm.

As described above, in the coil module 4 according to this
embodiment, although the two divisional conductive mem-
bers 22A and 22B are employed, they project outward relative
to at least a portion of the circumferential surface of the
magnetic body 28. Therefore, as in the above-described coil
modules 1-3 according to the first to third embodiments, the
eddy current loss that occurs in the shield member (second
conductive member) 24 which is a lossy conductor when a
current flows through the loop coil 20 is reduced, whereby the
AC resistance of the loop coil 20 can be lowered. This makes
it possible to suppress power that is consumed by the loop coil
20 during wireless charging and hence to suppress heat gen-
erated by the loop coil 20, which in turn makes it possible to
supply a larger current than in conventional techniques and
hence to realize quick charging. Furthermore, since the heat
generated by the loop coil 20 is kept small, the influences of
heat on the electronic components 30 located close to the loop
coil 20 can be reduced.

Embodiment 5

FIG. 9 is a plan view showing a general configuration of a
coil module 5 according to a fifth embodiment of the present
disclosure. FIG. 10 is a sectional view of the coil module 5
taken along line A-A' in FIG. 9. In FIGS. 9 and 10, members
having the same ones in FIGS. 1 and 2 are given the same
symbols as the latter.

In the coil module 5 according to this embodiment shown
in FIG. 9, a shield member 31 which is mounted on the
substrate 23 is made of a high-conductivity metal and has a
thickness d1 that is larger than a value that is approximately
equal to its skin depth at an operation frequency. Although
aluminum is suitably employed as the high-conductivity
metal, a metal other than aluminum can naturally be used if'its
conductivity is higher than or equal to 3x107 S/m, for
example. All of the distances x1 to x4 between the edges of
the shield member 31 and the corresponding edges of the
magnetic body 21 are longer than 0 mm. The resulting advan-
tages become more remarkable as the distances x1 to x4 are
increased.

As described above, according to the coil module 5 of this
embodiment, since the shield member 31 also serves as a
conductive member, the eddy current loss that occurs in the
substrate 23 which is a lossy conductor can be kept low,
whereby the AC resistance of the loop coil 20 can be lowered.
This makes it possible to suppress power that is consumed by
the loop coil 20 during wireless charging and hence to sup-
press heat generated by the loop coil 20, which in turn makes
it possible to supply a larger current than in conventional
techniques and hence to realize quick charging. Furthermore,
since the heat generated by the loop coil 20 is kept small, the
influences of heat on the electronic components 30 located
close to the loop coil 20 can be reduced. Still further, since the
shield member 31 also serves as a conductive member, the
coil module 5 can be reduced in weight and thickness as well
as cost.

Embodiment 6

FIG. 11 is a plan view showing a general configuration of
the inside of a battery pack 34 incorporating a coil module 6
according to a sixth embodiment of the present disclosure.
FIG. 12 is a sectional view of the battery pack 34 taken along
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line A-A'in FIG. 11. In FIGS. 11 and 12, members having the
same ones in FIGS. 1 and 2 are given the same symbols as the
latter.

As shown in FIG. 11, the coil module 6 according to this
embodiment is incorporated in the battery pack 34 and a
battery cell case 35 which is provided inside the battery pack
34 is used as a member corresponding to a conductive mem-
ber. The battery cell case 35 which surrounds a battery cell 36
is partly used as a conductive member. The battery cell case
35 is made of a metal such as aluminum whose conductivity
is higher than or equal to 3x107 S/m, for example. The battery
cell case 35 is larger in size than the magnetic body 21 and has
athickness d1 that is larger than a value that is approximately
equal to its skin depth at an operation frequency.

As described above, according to the coil module 6 of this
embodiment, since part of the battery cell case 35 serves as a
conductive member, the eddy current loss that occurs in a
substrate (not shown) which is located right under the battery
pack 34 can be kept low, whereby the AC resistance of the
loop coil 20 can be lowered. This makes it possible to sup-
press power that is consumed by the loop coil 20 during
wireless charging and hence to suppress heat generated by the
loop coil 20, which in turn makes it possible to supply a larger
current than in conventional techniques and hence to realize
quick charging. Furthermore, since the heat generated by the
loop coil 20 is kept small, the influences of heat on electronic
components (not shown) mounted on a substrate which is
located right under the battery pack 34 can be reduced. Still
further, since the battery cell case 35 also serves as a conduc-
tive member, the battery pack 34 can be reduced in weight and
thickness as well as cost.

Embodiment 7

FIG. 13 is a plan view showing a general configuration of
the inside of a battery pack 34 using a coil module 7 according
to a seventh embodiment of the present disclosure. F1G. 14 is
a sectional view of the battery pack 34 taken along line A-A'
in FIG. 13. In FIGS. 13 and 14, members having the same
ones in FIGS. 1 and 2 are given the same symbols as the latter.

As shown in FIG. 13, like the above-described coil module
6 according to the sixth embodiment, the coil module 7
according to this embodiment is incorporated in the battery
pack 34. The coil module 7 according to this embodiment is
different from the coil module 6 according to the sixth
embodiment in that a first conductive member 39 is disposed
between the magnetic body 21 and a battery cell case 37. The
first conductive member 39 is larger in size than the magnetic
body 21 and has a thickness d1 that is larger than a value that
is approximately equal to its skin depth at an operation fre-
quency. The first conductive member 39 is made of a metal
such as aluminum whose conductivity is higher than or equal
to 3x107 S/m, for example. The battery cell case 37 corre-
sponds to the second conductive member and is lower in
conductivity than the first conductive member 39.

As described above, according to the coil module 7 of this
embodiment, since the high-conductivity first conductive
member 39 is disposed between the magnetic body 21 and the
battery cell case 37, the eddy current loss that occurs in the
battery cell case 37 (lossy conductor) when a current flows
through the loop coil 20 is reduced, whereby the AC resis-
tance of the loop coil 20 can be lowered. This makes it
possible to suppress power that is consumed by the loop coil
20 during wireless charging and hence to suppress heat gen-
erated by the loop coil 20, which in turn makes it possible to
supply a larger current than in conventional techniques and
hence to realize quick charging. Furthermore, since the heat
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generated by the loop coil 20 is kept small, the influences of
heat on electronic components (not shown) mounted on a
substrate (not shown) which is located right under the battery
pack 34 can be reduced.

Although in the above first to seventh embodiments, the
conductive members 22, 27, 22A and 22B are shaped into
plates, the present disclosure is not limited to such a case.

Next, a description will be made of results of simulations
that were carried out to verity the advantages of the coil
module according to the present disclosure.

(Simulation No. 1)

FIG. 15 shows conditions that were employed in simulat-
ing the relationship between the size of the first conductive
member 22 and the AC resistance of the loop coil 20. FIG. 16
shows a result of the simulation that was carried out under the
conditions of FIG. 15.

In this simulation, a second conductive member 24A cor-
responds to, for example, the shield member 24 of the coil
module 1 according to the first embodiment. As for the
dimensions of the individual members of the coil module
which are part of the conditions of the simulation, the length
a of the longer edges of the second conductive member 24A
is 74 mm, the length b of its shorter edges is 67 mm, the length
c of the longer edges of the magnetic body 21 is 40 mm, and
the length d of its shorter edges is 33 mm. The distance e
between each outside shorter edge of the loop coil 20 and the
corresponding shorter edge of the magnetic body 21 is 2 mm.
The thickness f of the second conductive member 24A is 0.1
mm and the thickness g of the first conductive member 22 0.2
mm. The height h of the second conductive member 24A is
0.4 mm. The thickness i of the magnetic body 21 is 0.4 mm
and the thickness j of the loop coil 20 is 0.1 mm.

Under the above conditions, the distance x between the
edges of the magnetic body 21 and the corresponding edges of
the first conductive member 22 was varied to have values -1
mm, 0mm, 1 mm, 3 mm, 5 mm, and 10 mm. As shown in FIG.
16, resulting AC resistance values were 541 mQ, 538 m&Q,
526 m€2, 512 mQ, 510 mL, and 508 mQ. As is understood
from this result, the advantages of the present disclosure are
obtained when the distance X is set longer than or equal to 0
mm. [tis noted that the inductance of the loop coil 20 was kept
approximately constant (about 26 pH) even when the distance
x between the edges of the magnetic body 21 and the corre-
sponding edges of the first conductive member 22 was varied.
(Simulation No. 2)

FIG. 17 shows conditions that were employed in simulat-
ing the relationship between the conductivity of the first con-
ductive member 22 and the AC resistance of the loop coil 20.
FIG. 18 shows a result of the simulation that was carried out
under the conditions of FIG. 17.

The dimensions of the individual members of the coil
module which are part of the conditions of the simulation are
the same as in the above-described Simulation No. 1 except
the distance x, and hence will not be described here. Under
those conditions, the conductivity (S/m) was varied for cases
that the distance x between the edges of the magnetic body 21
and the corresponding edges of the first conductive member
22 was set at 1 mm and 5 mm, respectively. FIG. 18 shows
how the AC resistance (m€2) varied.

As shown in FIG. 18, the AC resistance decreases more
steeply as the conductivity increases from around 6.0x10°
S/m in the case where the distance x is equal to 5 mm than in
the case where it is equal to 1 mm. The difference in AC
resistance between the case that the distance x is S mm and the
case that distance x is 1 mm is equal to about 13 m& when the
conductivity is set at 3.0x107 S/m. It is understood from these
facts that the distance x being equal to 5 mm is more effective.
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In Simulation No. 2 the second conductive member 24A is
made of copper and has a thickness 0.1 mm. It is noted that the
effective range of conductivity varies depending on the mate-
rial of the second conductive member 24A.

(Simulation No. 3)

FIG. 19 shows conditions that were employed in simulat-
ing the relationship between the thickness of the first conduc-
tive member 22 and the AC resistance of the loop coil 20. FI1G.
20 shows a result of the simulation that was carried out under
the conditions of FIG. 20.

The dimensions of the individual members of the coil
module which are part of the conditions of the simulation are
the same as in the above-described Simulation No. 1 except
the thickness g of the first conductive member 22 and the
distance x, and hence will not be described here. Under those
conditions, the thickness g of the first conductive member 22
was set at 0.1 mm, 0.2 mm, 0.3 mm, and 0.5 mm. FIG. 20
shows how the AC resistance (m£2) varied. It is understood
that the thickness g of the first conductive member 22 being in
the range of 0.2 mm to 0.4 mm is most effective.

The thickness g of the first conductive member 22 needs to
be larger than or equal to its skin depth. The skin depth 8 is
given by the following equation:

d=V2Topo(m)

If the permeability u is equal to 4mx10~7 H/m and the
conductivity (copper) is equal to 58x10° S/m, the skin depth
at an operation frequency 100 kHz is calculated to be about
0.2 mm. Symbol o represents the angular frequency of a
current.

Next, a description will be made of a result of an experi-
ment that was carried out to verify the advantages of the coil
module according to the present disclosure. FIG. 21 shows
conditions of actual measurements, and FIG. 22 shows results
of the actual measurements that were carried out under the
conditions of FIG. 21.

As for the conditions (dimensions) of the actual measure-
ments, the length a of the longer edges of the second conduc-
tive member (substrate) 24A is 54 mm, the length b of its
shorter edges is 62 mm, the length ¢ of the longer edges of the
magnetic body 21 is 44 mm, and the length d of its shorter
edges is 32 mm. The distance e between each outside shorter
edge of'the loop coil 20 and the corresponding shorter edge of
the magnetic body 21 is 4 mm. The distance x between the
edges of the magnetic body 21 and the corresponding edges of
the first conductive member 22 is 4 mm. The distance m
between one longer edge of the magnetic body 21 and the
corresponding longer edge of the second conductive member
24A is 26 mm. The thickness k of the second conductive
member 24 A is 0.8 mm, the thickness i of the magnetic body
21 is 0.4 mm, and the thickness j of the loop coil 20 is 0.1 mm.
The height h of the first conductive member 22 as measured
from the top surface of the second conductive member 24A is
1.5 mm. The thickness f of the shield member 24 is 0.1 mm.

Under the above conditions, the thickness g of the first
conductor 22 was varied to have values 0.05 mm, 0.1 mm, 0.2
mm, and 0.5 mm. Resulting AC resistance values (mQ) were
as shown in FIG. 22. As is understood from this result, the
advantages of the present disclosure are obtained by employ-
ing the first conductive member 22.

The present disclosure is not limited to the above embodi-
ments, and various modifications, improvements, etc. can be
made as appropriate. The material, shape, dimensions, related
numerical values, form of implementation, number (where
plural ones are provided), location, etc. of each constituent
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element of each embodiment are optional and are not
restricted as long as the present disclosure can be imple-
mented.

Providing, among others, the advantage that the power that
is consumed by the coil during wireless charging can be
suppressed, the present disclosure can be applied to electronic
apparatus such as cellphones having a wireless charging func-
tion.

The present disclosure can also be applied to vehicles,
stationary electronic apparatus (e.g., general household
equipment), etc. having a wireless charging function. As for
the positional relationships in a cross section between the
coil, magnetic body, conductive members, and shield mem-
ber, it is preferable that their intervals be as small as possible
in the case of cellphones which are required to be thin and
compact. On the other hand, when the present disclosure is
applied to large products such as vehicles, there may be some
room for each of these intervals.

Although the invention has been illustrated and described
for the particular preferred embodiments, it is apparent to a
person skilled in the art that various changes and modifica-
tions can be made on the basis of the teachings of the inven-
tion. It is apparent that such changes and modifications are
within the spirit, scope, and intention of the invention as
defined by the appended claims.

The present application is based on Japanese Patent Appli-
cation No. 2013-082069 filed on Apr. 10, 2013, the contents
of which are incorporated herein by reference.

What is claimed is:

1. An electronic apparatus comprising:

a coil module configured to receive prescribed power, the
coil module including a planar magnetic body having a
first surface and a second surface opposite from each
other, the coil module further including a loop coil dis-
posed on the first surface of the planar magnetic body in
an overlapped manner;

a substrate;

an electronic component mounted on the substrate; and

a shield member part that covers the electronic component,
the shield member part including a conductive member
having prescribed conductivity,

wherein
the conductive member of the shield member part is

disposed along the second surface of the planar mag-
netic body; and

wherein the conductive member protrudes outward from
the planar magnetic body across at least a portion of a
circumferential part of the planar magnetic body.

2. The electronic apparatus according to claim 1, wherein
the loop coil is disposed outside relative to the planar mag-
netic body disposed inside within the electronic apparatus.

3. An electronic apparatus comprising:

a coil module configured to receive prescribed power, the
coil module including a planar magnetic body having a
first surface and a second surface opposite from each
other, the planar magnetic body including a cut-out por-
tion, the coil module further including a loop coil dis-
posed on the first surface of the planar magnetic body in
an overlapped manner, the loop coil being formed by
winding at least one conductive wire into a loop form
and the at least one conductive wire being drawn out via
the cut-out portion of the planar magnetic body;

a substrate;

an electronic component mounted on the substrate; and

a shield member part that covers the electronic component,
the shield member part including a conductive member
having prescribed conductivity,
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wherein the conductive member is disposed to overlap at
least a portion of the cut-out portion of the planar mag-
netic body.

4. An electronic apparatus comprising:

a coil module configured to receive prescribed power, the
coil module including:

a planar magnetic body having a first surface and a
second surface opposite from each other, and

a loop coil disposed on the first surface of the planar
magnetic body in an overlapped manner;

a conductive member having prescribed conductivity and
being disposed along the second surface of the planar
magnetic body; and

a battery cell,

wherein the conductive member protrudes outward from
the planar magnetic body across at least a portion of a
circumferential part of the planar magnetic body;

and

wherein the conductive member is a part of a battery cell
enclosure that holds the battery cell.

5. The electronic apparatus according to claim 4, wherein
the loop coil is disposed outside relative to the planar mag-
netic body disposed inside within the electronic apparatus.

6. An electronic apparatus comprising:

a coil module configured to receive prescribed power, the
coil module including:

a planar magnetic body having a first surface and a
second surface opposite from each other, the planar
magnetic body including a cut-out portion, and

a loop coil disposed on the first surface of the planar
magnetic body in an overlapped manner, the loop coil
being formed by winding at least one conductive wire
into a loop form and the at least one conductive wire
being drawn out via the cut-out portion of the planar
magnetic body;

a conductive member having prescribed conductivity and
being disposed along the second surface of the planar
magnetic body; and

a battery cell,

wherein the conductive member is a part of a battery cell
enclosure that holds the battery cell; and

wherein the conductive member is disposed to overlap at
least a portion of the cut-out portion of the planar mag-
netic body.

7. An electronic apparatus comprising:

a coil module configured to receive prescribed power

the coil module including:

a planar magnetic body having a first surface and a
second surface opposite from each other, and

a loop coil disposed on the first surface of the planar
magnetic body in an overlapped manner;

a first conductive member that has first prescribed conduc-
tivity and is disposed along the second surface of the
planar magnetic body; and

a second conductive member that has second prescribed
conductivity lower than the first prescribed conductivity,
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wherein the first conductive member protrudes outward
from the planar magnetic body across at least a portion
of a circumferential part of the planar magnetic body;

wherein the second conductive member is disposed along
the second surface of the planar magnetic body; and

wherein the first conductive member is disposed between
the planar magnetic body and the second conductive
member.

8. The electronic apparatus according to claim 7, wherein
the first conductive member has a planar shape and is dis-
posed between the planar magnetic body and the second
conductive member.

9. The electronic apparatus according to claim 7, further
comprising:

a substrate;

an electronic component mounted on the substrate; and

a shield member part that covers the electronic component,

wherein the second conductive member is a part of the
shield member part.

10. The electronic apparatus according to claim 7, further

comprising:

a battery cell,

wherein the second conductive member is a part of a bat-
tery cell enclosure that holds the battery cell.

11. The electronic apparatus according to claim 7, wherein
the loop coil is disposed outside relative to the planar mag-
netic body disposed inside within the electronic apparatus.

12. An electronic apparatus comprising:

a coil module configured to receive prescribed power, the
coil module including:

a planar magnetic body having a first surface and a
second surface opposite from each other, the planar
magnetic body including a cut-out portion, and

a loop coil disposed on the first surface of the planar
magnetic body in an overlapped manner, the loop coil
being formed by winding at least one conductive wire
into a loop form and the at least one conductive wire
being drawn out via the cut-out portion of the planar
magnetic body;

a first conductive member that has first prescribed conduc-
tivity and is disposed along the second surface of the
planar magnetic body to overlap at least a portion of the
cut-out portion of the planar magnetic body; and

a second conductive member that has second prescribed
conductivity lower than the first prescribed conductivity

and is disposed along the second surface of the planar
magnetic body,

wherein the first conductive member is disposed between
the planar magnetic body and the second conductive
member.

13. The electronic apparatus according to claim 12,
wherein the first conductive member has a planar shape and is
disposed between the planar magnetic body and the second
conductive member.



